
THE ECLIPTIC





SPACE



A SPHERE IN SPACE



This in the largest 
circle perpendicular 
to the axis of rotation. 
It is half way between 
the poles.

All circles connecting the 
poles are the same size, and 
are as large as possible.

A SPHERE IN SPACE, SPINNING



1,392,000 km

RELATIVE SIZE, SUN 109X EARTH’S DIAMETER

12,742 km

~149,000,000 km 
(not to scale)



~149,000,000 km

Sun ~ .7 px

RELATIVE DISTANCE, EARTH NOT VISIBLE



Light sideDark side



~23.5 degrees

A SPHERE IN SPACE, SPINNING, TILTED



A SPHERE SPINNING, TILTED, AND ORBITING
WITH CONSTANT TILT
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Northern Hemisphere 
Winter Solstice 
December 21

Northern Hemisphere 
Summer Solstice 

June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20



(PHEW)



ε = ~23.5°

ε
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Axial tilt, obliquity, ε epsilon
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(south)

Midnight

North



A SPHERE WITH FRIENDS

Mars is 
overhead to 

you at midnight

* Most orbits are close to but 
not strictly on the same plane 



A SPHERE WITH FRIENDS
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ECLIPTIC
+

+

View from “outside” =  
Orrery

View for you =  
Planetarium

Mars is overhead

South

East West



https://earthsky.org/

WHY “ECLIPTIC”

https://earthsky.org/


(PHEW X 2)



EVERYTHING  
ELSE



EVERYTHING  
ELSE

+You

Infinite 
Celestial 

Sphere

Infinitesimal “point”



EVERYTHING  
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EVERYTHING  
ELSE

Winter 
Solstice 

December 21

Summer 
Solstice 
June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20



EVERYTHING  
ELSE

Winter 
Solstice 

December 21

Summer 
Solstice 
June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20

Sagittarius
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EVERYTHING  
ELSE

Winter 
Solstice 

December 21

Summer 
Solstice 
June 21

Autumnal Equinox 
September 22

Vernal Equinox 
March 20

Pisces

http://cse.ssl.berkeley.edu

http://cse.ssl.berkeley.edu/


(PHEW X 3)



https://www.revolution.watch/past-masters-the-astronomical-water-clock-of-su-song

https://www.revolution.watch/past-masters-the-astronomical-water-clock-of-su-song


SU SONG ASTRONOMICAL WATER CLOCK
 01094 CE, FIRST ESCAPEMENT 

“Thus if the water is made to pour with 
perfect evenness, then the comparison of 
the rotary movements (of the heavens 
and the machine) will show no 
discrepancy or contradiction; for the 
unresting follows the unceasing.”



ARMILLARY 
SPHERE MADE 
BY GIROLAMO 
DELLA 
VOLPAIA, 
FLORENCE, 
ITALY, 01554

London Science Museum

https://collection.sciencemuseumgroup.org.uk/search/categories/astronomy


AUGHRA’S 
ORRERY
Dark Crystal



Image: metmuseum.org

ASTRONOMICUM 
CAESAREUM
Petrus Apianus 1540



Image: metmuseum.org

ASTRONOMICUM 
CAESAREUM
Petrus Apianus 1540



PLANISPHERIC ASTROLABE 
Maker: Muhammad Zaman al-Munajjim al-
Asturlabi (active 1643–89) 

Image: metmuseum.org

https://www.metmuseum.org/art/collection/search/451699


NASA



SOYUZ CELESTIAL  
NAVIGATION GLOBE

http://www.collectspace.com/ubb/Forum14/HTML/001394.html



ZEISS STAR PROJECTOR

https://www.reddit.com/r/specializedtools/comments/8b3aq3/old_zeiss_planetarium_projector/





HOW BIG IS THE 
UNIVERSE?
Why do we care? Because time and space are related. Age and size of the 
universe are related. Reasoning about where we are in the universe is related 
to reasoning about when we are. 
Also - there’s a very cool story about the discovery of a stellar clock that 
unlocked our understanding of the size and age of the universe. Stick around 
till the end!!



COMIC DISTANCE 
LADDER

See: Mentalfloss, The Expanding Universe: How the Universe Got Bigger As We Measured It 
and Terrance Tao (UCLA), Cosmic Distance Ladder

http://mentalfloss.com/article/30839/expanding-universe-how-universe-got-bigger-we-measured-it
https://terrytao.files.wordpress.com/2010/10/cosmic-distance-ladder.pdf


GEO METRY
EARTH MEASURE



https://norse-mythology.net/yggdrasil-in-norse-mythology/

YGGDRASIL THE WORLD TREE 
NORSE

https://norse-mythology.net/yggdrasil-in-norse-mythology/


WE’RE THE CENTER 
OF EVERYTHING

PTOLEMAIC MODEL 
GEOCENTRIC

Detailed in the Almagest 
~150BC



Sun

Moon

Mercury

Venus

Mars

Jupiter

Saturn

Stars

WE’RE THE CENTER 
OF EVERYTHING

PTOLEMAIC MODEL 
GEOCENTRIC

Detailed in the Almagest 
~150BC



EARTHDeferent

Epicycle



EARTHDeferent

Epicycle



http://bilimneguzellan.net/

(ASIDE)

Aside aside: Any shape can be drawn by the composition of the right circles at the right rates. 
This is a visual equivalent of Fourier Analysis, which breaks down a signal (time domain) into 
an infinite sum of pure sine waves of different frequencies (frequency domain). 

https://www.smartereveryday.com/

http://bilimneguzellan.net/
https://www.smartereveryday.com/


“PTOLEMY'S UNIVERSE WOULD FIT WITHIN THE ORBIT OF EARTH”
-Calli Arcale, for MentalFloss



ARISTARCHUS OF SAMOS
Heliocentric model, 300BC

HIPPARCHUS OF NICAEA
Precession of the equinoxes, 150BC



YU XI (虞喜)
“In 336 AD Yu Xi wrote the An Tian Lun (安天論; Discussion of Whether 
the Heavens Are At Rest or Disquisition on the Conformation of the 
Heavens).He observed that the position of the sun during the winter 
solstice had drifted roughly one degree over the course of fifty years 
relative to the position of the stars.”

-Wikipedia

“The Maragha school of astronomy in Ilkhanid-era Persia further 
developed ‘non-Ptolemaic’ planetary models involving Earth's rotation. 
Notable astronomers of this school are Al-Urdi (d. 1266) Al-Katibi (d. 
1277), and Al-Tusi (d. 1274).”

MARAGHA ASTRONOMERS

-Wikipedia



Library of Congress



THE SUN IS THE CENTER, BUT 
WE’RE STILL PRETTY SPECIAL

COPERNICAN MODEL

Detailed in On the Revolutions of the Celestial Spheres 
1543CE



Library of Congress

https://www.loc.gov/resource/g3190.ct003813/


KEPLER 
1609 
LAWS OF PLANETARY MOTION
These set the true shape of orbits (ellipses, not 
circles) and related orbital period to distance. 

Detailed in Astronomia nova 
1609CE



GALILEO 
1610-1615 
GANYMEDE, CALLISTO, IO, EUROPA 
SUNSPOTS

THE SUN IS THE CENTER, AND 
WE’RE LESS SPECIAL
Other planets have moons, and 
the sun itself rotates



TRANSITS OF VENUS



TRANSITS OF VENUS

1639: EARTH-SUN DISTANCE ESTIMATED AT 95.6M KM
1761: EARTH-SUN DISTANCE ESTIMATED AT 153M KM 40x bigger than 

Ptolemy’s estimate



ASTRONOMICAL UNIT (AU) 
MODERN VALUE

149,597,900 KM 



1600S - TITAN AND OTHER MOONS OF SATURN 
1700S - MORE PLANETS (URANUS) MORE MOONS (OR URANUS, SATURN) 
1800S - CERES, NEPTUNE, THE MOONS OF MARS (PHOBOS AND DEIMOS) 



RØMER 
1676 
FINITE SPEED OF LIGHT



THE SUN IS THE CENTER OF A 
GINORMOUS SOLAR SYSTEM OF WHICH 
WE’RE A SMALL PART



“PTOLEMY'S UNIVERSE WOULD FIT WITHIN THE ORBIT OF EARTH”
-Calli Arcale, for MentalFloss







1830S - FIRST MEASUREMENTS OF STELLAR PARALLAX

EARTH-SUN DISTANCE: 8 LIGHT MINUTES 
SOLAR SYSTEM: 8 LIGHT HOURS

CYGNUS : 11.4 LIGHT YEARS 
ALPHA CENTAURI: 4 LY 

Apparent seasonal shift of closer stars against more distant ones



1830S - FIRST MEASUREMENTS OF STELLAR PARALLAX

EARTH-SUN DISTANCE: 8 LIGHT MINUTES 
SOLAR SYSTEM: 8 LIGHT HOURS

Size of Ptolemy’s Entire Celestial Sphere: 
20,000x Earth’s radius ~= 7 light minutes

CYGNUS : 11.4 LIGHT YEARS 
ALPHA CENTAURI: 4 LY 

Apparent seasonal shift of closer stars against more distant ones



Parallax method maps thousands of the 
nearest stars (within 100ly). Correlations 
between brightness, spectrum, and distance 
allow us to infer position of more distant stars 
within this galaxy*, up to about 300ly.  

Milky Way galaxy is ~100,000 light years 
across, so we’re well within our own universe. 

When Einstein published his first 
relativity paper, it was not known if 
the universe consisted of more 
than our local galaxy. 

EARLY 1900S



https://www.youtube.com/watch?v=2FrY6gRPC7k

https://www.youtube.com/watch?v=2FrY6gRPC7k


http://www.harkavagrant.com
Kate Beaton

http://www.harkavagrant.com/


http://www.harkavagrant.com
Kate Beaton

http://www.harkavagrant.com/


Leavitt, not permitted direct telescope time, instead 
analyzed photographic plates as a Harvard 
“computer”, and discovered a correlation between 
the period of a special pulsating star, known as a 
Cepheid Variable, with its brightness.  

This established the first “standard candle”, allowing 
astronomers to distinguish bright distant stars from 
dim nearby ones. 

Leavitt’s law allowed determining stellar distance up 
to 60,000,000 light years. 

LEAVITT’S LAW (1908)

Up from 300ly!!



250,000+ stars 

1/3 of stars visible to the naked eye

atlasoftheuniverse.com

Parallax method: 300 light years

http://atlasoftheuniverse.com


Parallax method: 300 light years

atlasoftheuniverse.com

http://atlasoftheuniverse.com


Milky Way Galaxy: 100,000 light years

300 light years 100 billion to 400 billion stars



Leavitt’s method: 60,000,000 light years

100,000 light years

In 1924, Edwin Hubble used Cepheid 
variables to determine the distance of the 
Andromeda Galaxy, providing the first 
conclusive evidence for galaxies outside the 
Milky Way. Milky Way



HUBBLE DEEP FIELD

NASA



HUBBLE DEEP FIELD

https://www.nasa.gov/

https://www.nasa.gov/mp4/691499main_v1237e_H264l.mp4


HUBBLE DEEP FIELD

https://www.nasa.gov/

"The XDF is the deepest image of the sky ever obtained and 
reveals the faintest and most distant galaxies ever seen. XDF 
allows us to explore further back in time than ever before*”  

—principal investigator of the Hubble Ultra Deep Field.

https://www.nasa.gov/mp4/691499main_v1237e_H264l.mp4


HUBBLE DEEP FIELD

https://newatlas.com/james-webb-space-telescope

*Until now… 

Hubble/JWT comparison (simulated JWT images)

https://newatlas.com/james-webb-space-telescope


Nearby local Mikly Way stars have 8 light 
spikes due to lens support mechanism 
(like bokeh)

These galaxies are distorted in a ring 
shape because of gravitational lensing. 
They are behind the super-massive 
galactic cluster SMACS 0723 in the 
center of the image. 

https://www.fi.edu/blog/First-JMST-Image 
https://www.nasa.gov/webbfirstimages 

If you held a grain of sand at arms length, 
it would cover up this portion of sky.

It took 12.5 hours to gather the images in 
this composite. It took weeks of exposure 
time over a year to create the Hubble 
Deep Field image. 

Everything else is a GALAXY!! Each of 
which might contain billions or even 
trillions of stars. 

Some of the light that formed this image 
is over 13 billion years old. 

https://www.fi.edu/blog/First-JMST-Image
https://www.nasa.gov/webbfirstimages


Hubble uses Cepheid distances to determine 
the Universe is expanding. This leads to the 
concept of the Big Bang and an age to the 
Universe. 

1929

1998
Researchers using methods similar to Leavitt’s 
applied to supernovae (finding ‘standard 
candles’) determine the expansion of the 
Universe is accelerating.



Image: Carlos Budassi



noeticscience.co.uk

DRAKE EQUATION

http://www.noeticscience.co.uk/the-drake-equation-versus-the-fermi-paradox-is-there-intelligent-life-out-there/


noeticscience.co.uk

DRAKE EQUATION
The current best estimates suggest that 

anywhere between 10% and 50% of sun-
like stars have planets like ours, leading to 

numbers that make astronomers’ heads 
swim. 

“If it’s 50%, that’s bonkers, right?” says 
Jessie Christiansen, an astrophysicist at 

Caltech in Pasadena, California. “There are 
billions of sun-like stars in the galaxy, and if 
half of them have Earth-like planets, there 

could be billions of habitable rocky 
planets.” 

https://www.technologyreview.com/2023/11/13/1082873/the-
biggest-questions-are-we-alone-in-the-universe/

http://www.noeticscience.co.uk/the-drake-equation-versus-the-fermi-paradox-is-there-intelligent-life-out-there/


noeticscience.co.uk

DRAKE EQUATION
The current best estimates suggest that 

anywhere between 10% and 50% of sun-
like stars have planets like ours, leading to 

numbers that make astronomers’ heads 
swim. 

“If it’s 50%, that’s bonkers, right?” says 
Jessie Christiansen, an astrophysicist at 

Caltech in Pasadena, California. “There are 
billions of sun-like stars in the galaxy, and if 
half of them have Earth-like planets, there 

could be billions of habitable rocky 
planets.” 

https://www.technologyreview.com/2023/11/13/1082873/the-
biggest-questions-are-we-alone-in-the-universe/

Astronomers estimate that the universe 
could contain up to one septillion stars – 

which in numbers is 
1,000,000,000,000,000,000,000,000.  

Our Milky Way alone contains more than 
100 billion. 

https://universe.nasa.gov/stars/basics/

http://www.noeticscience.co.uk/the-drake-equation-versus-the-fermi-paradox-is-there-intelligent-life-out-there/


ARECIBO MESSAGE
Designed by Frank Drake. 

Beamed towards Messier 13 Supercluster in 1974.  

Messier 13 is 25,000 ly away 

(The Arecebo Radio Telescope was 
decommissioned in 2020)



TIME IN PIONEER 
AND VOYAGER

Preface to the Size of the UniverseFeddersen 2021 ITP/NYU



VOYAGER

Sirius

Gliese 445

Voyager 2 in 
296,000 years

https://space.stackexchange.com/questions/1621/where-
are-pioneer-10-11-and-the-voyagers-ultimately-headed

Aldebaran Pioneer 10 in 
2,000,000 years

Voyager 1 in 
40,000 years

Current distance: 

Voyager 1: 162.5 AU (22.5 lh) 

Voyager 2: 135.5 AU (18.75 lh)

https://voyager.jpl.nasa.gov/mission/status/

https://space.stackexchange.com/questions/1621/where-are-pioneer-10-11-and-the-voyagers-ultimately-headed
https://space.stackexchange.com/questions/1621/where-are-pioneer-10-11-and-the-voyagers-ultimately-headed
https://voyager.jpl.nasa.gov/mission/status/


NASA

PIONEER



NASA

VOYAGER



NASA



NASA



NASA





“During the 1930s, it was noticed that there was a radio 'hiss' 
that varied on a daily cycle and appeared to be extraterrestrial 
in origin. After initial suggestions that this was due to the Sun, 
it was observed that the radio waves seemed to propagate 
from the centre of the Galaxy”

Wikipedia



NASA



NASA

f = 1420Mhz 

d = 1/f 



NASA

100000110110010110001001111000 f = 1420Mhz 

d = 1/f 



NASA

100000110110010110001001111000
= 551117432

f = 1420Mhz 

d = 1/f 



NASA

100000110110010110001001111000
= 551117432 * 1/f = .388s

f = 1420Mhz 

d = 1/f 



NASA

.388s = frequency of pulsar 
"1240" (aka J1243-6423) 

f = 1420Mhz 

d = 1/f -wikipedia



NASA

100110000110010000000000000000000 
= 5113380864 * 1/1420405751.7667 
= 3.6 seconds / revolution 
= ~16RPM

100001011  0000000000  0000000000  0000000000  0000 
= 4587025072128 * 1/1420405751.7667 
= 3229.3 seconds 
= ~54 minutes



https://www.edwardtufte.com

EDWARD TUFTE

https://www.edwardtufte.com/


FERMI PARADOX

Where is everyone?

https://en.wikipedia.org/wiki/Fermi_paradox

https://en.wikipedia.org/wiki/Fermi_paradox




Oldest possible 
evidence of life 
could be over 4 
billion years - e.g., 
almost ASAP

Complex cells 
take another ~2 
billion years… Multicellular life 

billions more…

THE “GREAT FILTER”



THE “GREAT FILTER”

Present day

In our past?



THE “GREAT FILTER”

Present day

In our past? Or our future?





RELATIVITY



SHORE

GALILEAN RELATIVITY



“Absolute, true, and mathematical time, in and of 
itself and of its own nature, without reference to 
anything external, flows uniformly and by another 
name is called duration.  
 
Relative, apparent, and common time is any 
sensible and external measure (precise or 
imprecise) of duration by means of motion; such as 
a measure-for example, an hour, a day, a month, a 
year-is commonly used instead of true time.”

Newton’s Principia, 1687



“Absolute space, in its own nature, without 
regard to anything external, remains always 
similar and immovable.  
 
Relative space is some movable dimension or 
measure of the absolute spaces, which our senses 
determine by its position to bodies, and which is 
vulgarly taken for immovable space.”

Newton’s Principia, 1687



Electromagnetism is fundamental but also weird and subtle, and it took people a long time to figure it out
Two random examples over 3000 years



1861



‘Bashaarat looked at me and considered. "I have 
recently built something that may change your 
opinion. You would be the first person I have shown 
it to. Would you care to see it?"  

"It would be a great pleasure."  

"Please follow me." He led me through the 
doorway in the rear of his shop. The next room was 
a workshop, arrayed with devices whose functions I 
could not guess—bars of metal wrapped with 
enough copper thread to reach the horizon, 
mirrors mounted on a circular slab of granite 
floating in quicksilver—but Bashaarat walked past 
these without a glance.’



Michelson–Morley experiment, 1887



“He handed the manuscript to me, and I 
saw the title was ‘On the Relative Motion of 
the Sun and the Luminiferous Aether.’ I 
have only a layperson’s understanding of 
the aether, the medium that carries light 
waves: I know that, just as a shout carries 
farther when traveling with the wind than 
against it, the speed of light varies 
relative to the Earth’s own motion 
through the aether… there appears to be 
a steady aetheric wind across the solar 
system as a whole…”

From ‘Omphalos’ by Ted Chiang.  
Image: The Omphalos (‘religious stone’) of Delphi, wikipedia.  



ON THE 
ELECTRODYNAMICS 
OF MOVING BODIES 
EINSTEIN, 1905



ON THE 
ELECTRODYNAMICS 
OF MOVING BODIES 
EINSTEIN, 1905

New t
New x

Same y
Same z



ON THE 
ELECTRODYNAMICS 
OF MOVING BODIES 
EINSTEIN, 1905

v2 / c2 ≈ 0 for all “normal” velocities, 
so this factor is usually ≈ 1





https://www.youtube.com/user/minutephysics

LORENTZ TRANSFORMATIONS

https://www.youtube.com/user/minutephysics


https://www.youtube.com/user/minutephysics

https://www.youtube.com/user/minutephysics


Moving clocks 
“run slow” 
compared to a 
“stationary” 
clock 

THE “PLANET OF THE APES” PRINCIPLE



Moving clocks 
“run slow” 
compared to a 
“stationary” 
clock 

THE “PLANET OF THE APES” PRINCIPLE

Spends 1 year in 
suspended 
animation



Moving clocks 
“run slow” 
compared to a 
“stationary” 
clock 

THE “PLANET OF THE APES” PRINCIPLE

Wakes up in the 
distant future when 
apes rule!



THE “INTERSTELLAR” PRINCIPLE

Gravity slows 
clocks

3 hours on 
Miller’s Planet



https://iextrading.com/
via Hackaday

61km fiber loop 
adds 350 
microseconds

IEX SHOEBOX

http://www.apple.com

